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The. student will: . a | 
: - erecogniia, quadratic funetions. ; 
ere quadtatic: functions in standard form. 


“se rrectly use the terms vertex, axis of symmetr ee 
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- The applied quadratics sequence, ‘beginning with Lesson 10,: concerns. chemical 7 
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LESSON 3: GRAPHING. FUNCTIONS OF THE. FORM y = a(x.- k)" + Po. - 

| OBJECTIVES: ew 2 3h, SO _ | as | 

‘The student wills °° ) ae a ar a er ~~ et  D 
a ‘eae graphs of functions ‘of the, form y = a(x 2° k)? + peo. 
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or th ‘LESSON 9: REVIEW . a a 
~ yp onsen —— a 7 7 | > tp agll oe 5 Fes. = _ | . = 
a oe The: stugent . will solve problena rélated to: ‘the objectives for’ iaseons L 
“through a re _ = 3 — 
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=— ae “one oP oe . ae | 7 . . . a _ -_ | a ; ha’ 
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- OBJECTIVES: aon Cee ot Hee . Ae | 
an en io 
‘the atudent will: .. ‘ . a : 


-- “conyert decimal numbers int® a scie ntific notation. 
‘ . Meonvert numbers. ‘in scientific no’ Mie ae decimal form. . — 
-intexpret concentration pyppology) a Coy, iy ‘We 
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PERIODS RECOMMENDED: ©. , 2 oe ee « | oS 7 on ae = 
: oveRvEi AND" REMARKS : i | fe Be We a | 4 ae Sy 

a This lesson initiates the. applied sequehce of thik unit. Lessons. 10 through 19 

will deal with chemical equilibria. However there will be no quadratic: equations un- 


til. Lesson 13... If ‘the students are disappoin ed at having to wait so:long to solve 


more ‘quadratic’ equations;, explain that all in ermediate material | must be hess. cal be- 


' ‘fore the application can “be - understood. 


--Eash lesson in the’ ‘sequence. 10 through 15). reviews one mathematics skill. and. one’: 
aos chemical application of the mathematics skill.| ‘All skills in this sequence are cum= 


“Fmulative. . For example,. pH is eran risa then pag a balance of the — 
- gequence.’ Mag —_ 
.“ Throughout thts chemistry-related socal it would ‘be very beneficial to- ‘be’ in 
day- to-day contact with the science teacher. | For examp the method of determining | 
a gram molecular weight - is reviewed, although it is “‘not™an objective of the’ lesson. 

*” The science teacher, on the other hand,. might want. to take ‘the opportunity to review 


“this teahmique during science class, on. the day you : téach ‘this lesson, 
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Science unit III ‘deals with blood ‘and the eivculatery: system. | Mathematics 
Unit III is applied mainly to’ chemistry and the’ digestive system with se aay 
forays into topics ‘related to the. circulatory system. We have focused on ‘the diges- 


tive aaa mecauge the equilibria are generally simpler and more - immediately. relevant «; 
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LESSON 11: ‘A REVIEW OF. MULTIPLICATION AND DIVISION IN SCIENTIFIC woranion AND 
= "THE: pH: SCALE. ae ; . ; 


st 

7 The student will: , “ee oe la a ae 
& Oe ‘multiply and. ‘divide ‘numbers in scientific notation. 

“convert pH values: to molarity values and the reverse. 


PERIODS RECOMMENDED : 
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None of the material. in this lesson is new; however, experience has shown ‘that - 
a review is. worthwhile at this time. The material first appeared in Unit I and many . 


. It is. especially important. that the conversion - -from pH. to ‘tat ] ‘and ‘the: reverse, 
be mastered. This is an eieoneone skill for both the, sg) suas and" science courses.. 


;Hinally we want to call your attention, to Problems 1 asad 47. ‘These peaks 


the. end of ‘the: problen | set. 


KEY-~PROBLEM SET ll: 


ee 8 tx? yw eT 


33. 6.3% 107% |. 
34. 7.9% 1074 © 
WR S 


35, 2% 1077 | 
. 7 | "acidic : 36.. 7.9% 1078 | 
25. 1 107! iy , basic 4 S. Secdee sete: .* 4 = * 
26 6 eee, «882 a 28S ce. 5 a —_ @ 38.3.2 * 107% is | 


Ses. 2 . -5 


are ae a. re eee eee as S* 107 he 39, iL. 25 ot an 


oo wo: : aries . é + a : . : 4 : ; 
re es ae a ee ee ee el 40. 5.* 10 “11 : 
Pay 9 erythrocytes 10” ml bled litérs {blood . 13 erythrocytes 
41, $4 x 10" SESS eTood “Titer blood 5.5 gers fpteed ore lereet = 2.97 x 191? Sane 


ae : 4.8 hemo lobin- molecules 
Be ae ., erythrocyte “he y a RS oo 4s 
20 og hemo lobin molecules - “43 erythroc tes ‘tty ee 
i a “erythrocyte 2,97 x 20 “adult male a 
= 21 hemo lobins ee 
8.019 x ‘10 adult mate aa So 
44, 2.3 x 10° Ha 4 


‘5a <- 46 deaths sec min hr | 4. day” 2 ie 15 deaths ; “leg 
aes Meu me” second * 60 aim ° 60 Thr" 24 day: Se e x 50 ye = 38 NO BO ye - : 


3 


10 ‘Inicrometers 


ad 


46. 7. nleronotors ime = 7 403 ‘Gini 
47, 10 jlanometers gob aterowetsr 3 a 107>" 
10 nanometers 10°. 


micrometers 


LESSON. 12: ieee Siete ee © g 7 8 & 
: “) ; : - ae - oe : i oa ; 
OBJECTIVES: a | one = 


- 
‘erelate. the concept of ‘dynamic seapateeiun to. solubility products. . a3 


edetermine whether or not e Pxecipitate eo ‘form when oe initial | concen- 
trations of ‘reactants. ae . ; 

s identify the larger (or ena ler) of ty numbers written in. scientific a: eh 
notation. : oe “| 


| The: student. willy 0 ‘ oF fe ee Oe aes ff 


4 
* ‘PERIODS RECOMMENDED ts ~" 
| “one of Two - Pe _ es 
- OVERVIEW AND REMARKS: ; i . eet = — ey : ‘ 
Lye "once again,’ close Seeperacion ‘with the science, teacher would be very benedicigt, 
For example," in Section 12-4 there is-a 1 “ope issues that quite ‘naturally arise 


in’gonnéction oe “eotubt lity | products affd ch mical ge arc ‘Since these issues |” 


% 4 


t Qo. oe 
lenica Sag 
i 7. bes poet . 


1g 


2 a a oA: 


a & 7 ia 


% are beyond. -the ken of ‘typical. math teachers, it would be -very helpfuj to you: if yon —_ 
: could. get the science ‘teacher to take & few minutes - to discuss en. 


Once ‘again the problems which deal with the primary objective, predicting whether _ 
‘a precipitate forms, occur. ‘at the very end of the propre set. Do not overlook them. 


A note. of caution: the procedure described in this seqtion. for predicting. the 
formation of. precipitates applies only to binary ‘ionic compolinds. - If a compound forms” ; 
three or. more ions when it dissolves, then a more elaborate approach is needed. For , 
--example, lead chloride ‘dissolves as s described by the equilibrium ie 
| P) ae oe .- 

4 PbCl = ppt +. CL” +.Cl- 
é eq 2 
and the concentrations at equilibrium are "governed by ‘the “solubility product equation 

i . . 


. oe ; *L — ; 2 - - 


4 


aca that” the [c1l” ] is squared. Since we do not @iche to deal with the sa eek Leal: : 
implications of this: complicating feature, we will treat only compounds that form two 
_ions upon dissociation. Those teachers who wish to generate more problems. must keep 
this restriction in mind. More problems may be generated by referring to. the "solu 


bility product". ‘table: in the CRC Handbook of Chemistry and. Physics. os ee 


KEY+-PROBLEM SET 12: te 3 
de False *, Pe 3... True | — 5. True ~ 72 False. s ) . | ~ a 
ae False ein te a False | _ 6... True ; . 
: Note: ‘There: are other ways: to servant statements ¥8 through’ #15. 
8. ‘The: symbol ‘Jea* 7 is gal! “The concentration of calcium ion." 


“9. “Tf. the ‘product of © [ca* y and [s0,7 “). is. less, than the sean bhi, then 


alle ‘of the aacts © is. dissolved. 
(10. — The product, [ca* a, x [8045 ~) is an example, of solubility product. 
' 11. 'The- symbol K sp “is‘an abbreviation, for s solubility product. : 


ad saturated ‘solution is in equilibrium, 


13. ~The: chemical. equation 


« 


caso} = — ca" + 80, 
ey = ; : - ‘ - - ; : 7 * ‘ — >| Z eg 
_ signifies that the reaction is eavetsiss,. 7 . on ee Ge 5 eS cs 
Sd (21077) 6 1077) = az TOTP ae eee 
. 15. the interpretation of [Ba’* }=° o1, ™ is, "The ‘concentration of barium dons. is one- 
tenth of a mole. per Liter of solution: as of oo veg es i _ 7 


-16. A mole of water has approximately & ein x 10” 3 Wolecules.'” 


-7 ~8 -8 


OT. 18 9 we < .9 x 10 y Bae 238 x 1078 <9 x 10° ; 
18. +47 * ae 4. 1 «10 Ly 236 38 x 1079 > .005 x 10 nat, 
49. gen «1073 < 1B x 1078 60x 1076.< 140 x 107° 
20. 407 x18 < 18x 1078 - 7 28..- 210 x d074 > 1.9 * 1074 
ai. 27-2078 ¢ 30°x.2078 Ls. 26. 430 x 107 > 42x 1072 
ee ee ee ee bee | a 
27. Problems 19,.23, 25, 26 ew. ae ae 
"28, a, .1M "b. .2M oc, .02= 2% 102. d, greater e. yes. 
29, a. 1 x 10 “Sy ob. iM c, 1 x 1079 iy Yes oe Og ag KY 
| tag” } x [Bry 16 Ree a ee ae ye 
a 7 6 «107 oS: x 0nd. a = — | _s _ = a 
7 LESSON 13: APPLIED QUADRATIC EQUATIONS. | or ; 
OBJECTIVE: | 7 - we fe yee _ ot te e Fea oe gals 
| , | | | 


: The student will calculate the “concéntrations ‘of ions in solutions of- slightly 
soluble compounds. , 


 pERTODs RECOMMENDED : | 
| SUPPLEMENTARY BE REFERENCE: — ce oe 2 oe ae. 
a “Mary E. ‘Clark: Contemporary. Biology, W.B. Saunders, Philadelphia, 1975 . ‘ | ae 

OVERVIEW AND. ‘REMARKS: : i 7 ak 7 1 


In this ‘lesson the mathematics takes. a ‘back seat. to the chemistry. ‘Perhaps the | 
FY most important idea ‘init is lead poisoning. Even though lead unds are only . 
. Slightly soluble, the amount: that_dissolves (i. Coy the . part. that dissociates: into - 
‘ppt * ‘ana anions) is. dangerous. Typically lead poisoning, develops after. a long period 
‘of low-level .expdsire. The, body absorbs a small amount of the lead to which it is” . 
exposed. Once: absorbed ‘it tends to stay put; therefore, “a dangerous: level of lead in 


the body can be fost up slowly over ‘a ‘long. mettod ot low-level exposuge. teal 


a Ingestion of. lead-based paint ‘flakes. ne a serious public health problem. ‘in many. 
of. the nation's central cities.’ This ig the major: cause of lead poisoning by inges- 
Se In addition to ingestion, much lead is absorbed by way of the tlungg. It is in ee 
the ir we breathe and comes mainly frog ‘leaged gasoline. Lead from gasoline additives er 
also finds its way into our food. and water ,. thks compounding the_ problem, a 


If you or your students want to: know more about this topic ‘the supplementary, 
‘reference: has a great deal. BE ‘socd. informations 4 ies 


» 


=a Starting with Section 13,. we use gt to represent. an ‘unknown concentration ins _ 
y stead of the more traditional ny, This is done to eliminate - “any confusion with Ehe 
aa multipaontion | symbol x" used in. scientific notation. _ 


“ PREPARATION FOR FUTURE. LESSONS: 


-Legsons 15 and 17° are decioned to ‘be ‘taught in coordination with Scienge 
. Lessons x and = These ponenee 1assons provide concrete experiences relating. to 
the material in the: rele’ 


nit mathématics lessons.” . These science. lessons are. ‘of. the 
"floating": variety. - They. on AS fit within the fhow ‘of science material, but ‘are - 
' designed to be inserted’ a the appropriate. time “for mathematics. You should alert ‘the 
“science teacher that you- ‘are approaching the time of need ana determine together how. 


to: coordinate your: ‘classes. to achieve optimal sequencing. a 4 
ae es . 

' Science Lessons 17, 18, x. and Y deal. ‘with etd and buffers. - An ideal sequencing - 
would be ce aacapriacada as follows. a ute & ot ok 


~~ 


ow. 


8 science 


‘The important thing will. be for Science. Lesson X to be. used “piehe. after Mathematics: ae 
Lesson 15 and Science Lesson Y to follow Mathematics Lessqn 17. 


KEY--PROBLBH SET'13: 0 es -G : a cag 
ot ra 3 ve -12 a 2 is 
l. 4. x 10° eo 3 oe 7 x 10 : 
62. 16x 10 = i.ex.02 -- ° Qo, ee. 
3,, y00'x ots 3.162 x 12072 a, 3 x 20777 
4. 5 x 108 ge 3 i‘ + ° 12.- a. one 4 
5. vex 1d aaa x 0m 
re er OP Bip BERR ‘Lo Bs 
9i°43 ¥1977 Tae, a. -[Tar77] = 8. 8 x 10 “4 i 
g.° 20 x 10 = 2 x 107: ; 
Answers in any equivalent form are acgeptable for’ Problems 13 through 23.0% - se 
“they = 13.3 x 1078 Mm. . | 24. a, less* | 
as Tug?" J 2.061073 "- -b, small, small 
15. cat’ = 8.9 x 10° M (\& vermillion, Hs 77%; 
(16.018 x 10M f as pps, 
: ; 2 > ss : 7 ; 7 : i Be y. i 
17. 6.3 °* 10 of M (about one*molecule in 300 liters) © ge, lead = |. cs 
“18. 6:0 x10)? uw: ce TT a5, any fqur carbonated |. 
a a e as ee cic a © ag beverages Se ae a ae 
-19.-13 % 10°° M | a ek ae ee é.. a oe 
i i re ee ae (2 a 
20. 9:3 x 10° MS _ ; z 
: * 3% 2 ee CG a « b. 50, will precipitate oe 
ake 1. 1 ‘ a oe oe ee oe oe ae a a ies It will tend to lower 
ee ee en an ee a | hee ot. ene LED I 
: “aes = 4 ‘ \ an ees . 7 ° ae 4 any . *s = 
23,1 % 1074 m a es ee ee ee ee 


Be 


ne. ind Ce . ; - j a : 
- -— °o a as 
7 _ Begs 2 i ‘B. a . 
7 LESBON 4: WEAK ACIDS: ‘AND ) prssdeixeroNs constants: ek “aie 
7. oe SH ®& . 2 ie eee 7 i rn ee a 
OBJECT ES = ae oe a SY ye a re an i ee 
ra ao, oe . ani *% 7 Pe se ~ Hs : “ 7 oo 2 ees ees , 
‘The student wills i aa ot ~. se ta : Pine | Fs ch es 
_ calculate. the dissociation constant for a’ spatrtioulse weak acid when given _ 
tthe equilibrium pH and the. initial. concentratign. a be a Ee 
sadd and subtrgct Pymbers: expyessed in seientific notation! tt ee 
‘PERIODS RECOMMENDED: ee ee ee ee ee rr © gee 
pe pe Rs RO ee eo 
two or Three eg ane ; , , 
‘ovenvren AND REMARKS t ce ke oe oe Me? ne se Spee 


es This lesson and ° estén. 15. prepare for Lesson. 16 in which: equilibrium problems will : 
be considered that require the quadratic formula for their solution. If you think*- 
“Lesson 14. wilt. be frustratingly. difficult for your students, Lessons 14 through. 18 may 
be ‘omitted. . No subsequent: mathematic or, science material depends on them. _ Further- 
more) quadratic equations. ‘have - actually been applied in Lesson 13, although’ the ‘quad~ 

. cratic formula has. not yet. pet ‘required for’ the ‘solution of an equilibrium problem. a 


| We have included the Lessons 14 through [sito demonstrate actual applications of. 
the: ‘quadratic formula tor real biomedical’ situations... However, we ‘realize that -the . 
level of. he material may ‘be above capabilities Of ‘some students, If this is true for . 
your ‘students, you may still want ‘to spend a class, period or: two scanning and discussing © * 
the sequence--the objective being to- conyince them that’ the quadratic formula is a a 


actually required for the solution of certain ‘kinds of real problems. — 
p . a . 
If you éieck to gelato: part or: all: of the lessons’, “pe. sure to notify your. col--: 


. league in Biomedical Science since it will. affect the student’ s mastery fal equilibrium 
esueapee needed” for Science Lessons X and. 5 ae a aed 


KEY--PROBLEM SET .14: ALL answers may be in ‘equivalent. nee ey 2 


— GB x 10 “A 3 x 10 ~5) oe ig FP . e Kx 1.4 x 107 td. 4.x 10 ) . 
te ee ae ee eee 
= 1.8 10 aoe be ao @ epee tea * ‘ Po ey 
. oe : . : oe . a ors Z - 
f = « ee = oo. : ; = hy vO . ; 
je (9107 ei i” os a, ee wee 10 9 ROC, YS, cae, 
Ce ee ee ee ae 
-@ 7 ; : : 7 .. = a, f 7 an 
. ae, g x 107? os Sg & Bae? eee % LOL”. Ce a, Se 
et 3 x. 107 3) (3° 4) ¢ ) >yh wi io” 7143 x 10 md 
oo 5 x 10° ee Fete eC, , re 
cena ‘. eo 107 oe ; _ Oo aan 7 7 oe 10 eo 2 
a - a‘ oe ‘. 5 ; ae i ; i ee*. 2 z 7" 
= 10.) Ks “(lez x 1073) (1.2"% 10" ) : 
| hae 73.2 x 107 
$4.5 x 10-3 


ere Graal 


3S 


18.5 x 107° M 
-13° x “107° 


ae 
e. 
> ¢ : 


ae 


nr “11 : 
"350.4% 10 


-3.2h x:10 


“2.6 x 1079. 


' 


”, 


ao ag Pee 


ae 


are 


Sal. J-eee 207% 
“uae. 


213. 


940%. 1079 M 


Wo 


-l. 


2.02°*'10 


Ae 


1.47% 107° 


6. 


see graph 


4b. 


1 x 108% 


poe 
“1g. 


. see graph. 


-4.6 x 10 


‘less 


ee 


less .. |... 


‘a 


succinic’ — 


stronger. 


.£ 


“see graph. , 


al 


21." 


more’easily 


smaller, 


go 


<5 


2b X= 1X10 


100 paaceundantseaases 


213. 


23 ae tH" J: % 4 x “107 24. ae tat 7 w 2. 5. x 1077: ae | er 
So et m4 Pea ie 


‘b. same, ‘[No, Pia cs rom be sac". 2.5 *!207 a: 

eS initial ll me ee 2.4 28 ee x 1074 eee a ‘ 
yea ake oe ee a a ae er 
tc, Ghepect eee oO A wth oe. 3 -5 Bee ge ee 
ee Reg OT a 8B. RE RIO 


er ee ee eee 


= .* rs . a. a 
:§ ey . : ‘ f te . : a ‘, Bei 
Hie F . . . . * - i : 


“LESSON 15: CALCULATING THE INITIAL CONCENTRATION FOR A PARTICULAR [nt] | 


3 QBJECTIVE: 


- ‘The — will calculate the ‘initial concentration ‘reguired to achieve a parti- 
= cular ; 


"PERIODS RECOMMENDED: =: ey ee ee en a as oa 
Cae) 27 roe oe oe oe 
7 OVERVIEW: AND. REMARKS: - > oe 8 “ts, 2 a 


“The ‘pattern of the pxebicee ‘in this sBceton: differs’ in one: important detail from ; 2 


_ those found. in Lesson 14. ‘The’ initial . [Acid ] is an. unknown instead of a a TO . 
find the initial [acid] it is necessary to solve a Jinear equation. , : = 

| The reasoning required to fill ‘the: tables” is beste with “the reasoning re’ a 
‘ quired in Legson 14. It reBts on two main ideas? 


a : Equilibrium tat ] = Equilibrium [Anion | ve f 
| ! 


20. initial ‘({HAnion}_ = * Equilibrium [Anion ] + Equilibrium [HAnion] 


. - ‘Science Lessor x: “init II) should be coordinated with: this ‘teseen:. Et will oe = 
. vide direct laboratory support for the concepts taught in. this lesson. Students will | 
~“galeulate. the” ‘initial ‘concentrations required to achieve. certain. pH's and then’ actually 


‘make up the solutions., For maximun . effectiveness Science ‘Lesson X° should occur’ A . 
shortly after WEB on’ this degen has ae in mathematics. a —— ee as —_— 


» # , : . ‘ . . . - er . “oP 
e : . : " ae . . : . 
. : abt ‘ . i , : 
. “a A H 


: CocaEe : | i 
“3 


b. 2 # 2.5 x 107 hee i. 


eexHiroonn SET 15: 


aa) ' 


ihe Magereammonson 9 + 


Concentrations 


‘ 


' initial [HN0,) = a: Bx 107 -3 Mo rk 


De ed qa 


ae oe ISM Fk ge ee OF ng 
ee 2 ee ae ee ee —s 7 ? 
e “e, ‘Initial [HNO] = .26M- , | 
7 os a tee 107 mo +. 8, ' 
3... Initial [HNO5] = 6/75 x 10°F «6. sIndtial! [iy Tar) = 738% 1074 mM 
t Z je ee . ; ¢ Le " ; é . ' 7 
| 4. Initial [HMal] = 4.04M <.. 7, Initial’ [Benz] -= 1.26 x 1074 w 
5. Initial [HUr]-= §.226M > |B Initia? [HBut] » 2. 17% 10 i 
ie ee ee Sie te a. . 
a 8 LESSON 163 Ree aac: ae THE QUADRATIC FORMULA. _ ar J 


: OBJECTIVE: a4 a ne 


ce ae The neaaent will detcmine the coefficients. for the guadvatie equation’ that re- 
' sults when the equilibrium concentrations. ‘are calculated from the initial 
aie 


ae ae mp or. “thiee. - | a 7 _ i : - — : : | a io 
the ansuprs ‘to: Problems re through 10° in Problem Set 16 ave: isea in Probléit. 
an Set 17. . The corresponding. problem. number in Problem Set 17 completes ‘the solution, 


of the, problem aha in this lesson. ol ss. Ha 


ac 


| ‘exppontan dan 16: 


i 


| Concentrations 


; chun | 
saw 


. 


yt 10TF we | 


Ce. Oe. pipe arth p 
_ : 


s 
Q 
e 
Ss 
i) 
N 


(9 x 1077) - 


(ds a ely b= 9 x 1074, 


= -9 x 1977 


a 
oO 
q 


cok % - 
fF . ..-{ Concentrations | 7 J | 
a ier - ; as 
yy ~ te 
_ 


z 
a 
es 
oS 
u 
Sy . 
+ 
~~ 
2 
‘x 
Br 
i 
> 
nN 
By 
ee 
NO. 
= 
x 
— 
=) 
ds 
@ 
“ 


I 
NO 
wr 
Bios 
5 
Q 
i] 


Cie ee = -6325 x cas 6 ee ae 


e-) a ae = 9x a c . =9°x' 107 % 
4. agl, *b=8x 10, c= ig x iro” a oe eM . 
ae ver ae ee? ae ee 
5. a = l, b= 3.2 ea0 >, ce -3.2 * 107° "os as oe .t, 2s © ea | te 
6. a=l, b= 6.4%°109,.¢.2--6.4 109 oe Pe 
; ma 2 ae . ae ‘ oy = aan ou 
Is aed, bea x04, c= ~4 x 1078s 3s, | 
8. a = l, b = 4.6 x 10 r) c = -2.3 x 10. a : . ‘ PN .- “os bee bo = - 
a 
b=1 


7 10, a =.1, 
oo as - . re se ck ee 
~  LESSQN 17: THE SOLUTION OF QUADRATIC EQUATIONS RELATING TO.“CHEMICAL “QUILEBRIA’: : 20... 
caer s t ° ae ; . . : Sad eee . + . nae : 4 a 3 o rac ae ° 


OBJECTIVE: i eee As a 


as 


The student will, caupieke: the solution: of. quadratic equations that were developed . 
in Lesson: 16.': These. equations. occur when’ the. east librium: concentrsttohs are caleulated ~ 


- from initial CONCeRLEARIONS 5 . a — . gos 


PERIODS RECOMMENDED: ae Ce! ae - ee 
‘Two or. ‘Three oo oo te. « © - ‘ eo i 
“ovine AND @REMARKS : ee, 2 Ry eee Se - eo 
: ‘Science: ‘Lesson. ¥Y (Unit IIT) ‘should - ‘be ‘coordinated with this lesson. It ‘provides 
direct - laboratory support - Of the concepts developed. here. Students will confirm — 
their theoretically calculated. predictions by actually making solutions and then 
checking. the pH. For maximum effectiveness Seience Lesson Y should h in ac 
after’ work on. this / Lesson, is begun. 


1 : 


en sen: ane a ate : A 


— a < gn a ae oO a =o: ' Oe ie de. se, 
. Ls * ee ee . pe . + = € * 


f : ; "since broblen: Set 17 uses the. answers to- ee itand. 4 through 10 of. Br epian ‘Set 16° 
be! sure Phat the correct answers to these problems are. available to. all students “be= — : 
' fore work jon Problem Set 17 begins. “Otherwise students: ‘with: the: wrong ariswers. to « ue 


> Problem set “16 will waste’ their time in Problem et. 17. cant oe : ° a 


fe 
, 


ae eae 
wr | 


: ‘You might wish. to, give the students the follgwing set ‘of rules that may be used» 
“to test the reasonableness. of their answers, a a 


jo... “lglg tf ‘the snieiea: ‘THAN ich) = 2K, then: the acid will be sOtgdiscociated Pe 


"equilibrium. Therefore, -at equilibrium’ eo . Nee a. oe ae 


hac . . a - rae ace a ce o.° oS ice J = ; a on oder | ee ’ . a 7 | . . 
: ei 8 , ; ; - re ® “ aa ; a > [anion™ i: + - ~ iy s ‘ ot a ¥ . . : . -_ ac “¢ Pa a 
74 a oH ge : ae “ : - ; : . ; * eget : . : a 7 : : ‘ 
oy 14 . ae pn Ao, : ' 4 ea : . . _ -[Hanion], te K . i te bcs . ; 3 


‘This may be easily checked. - Pa . —_ a _ 2 ey oe 
4 a8 . a . . . os . a . . . : 


a [" ; 2..|2 ee coe ee a [Pep mee 2g 


Equilib-, @ ae et es 
-| rium ee 


* ie ; . oe . f z : . 8 + ‘ a ‘: ' Pisa .* ae 1 os Me ' 5 olay 
; a ces — _ -[H ]fAnion] _ , .. ee - 4 .. 
ae We 4 7 me ee THAniony . age a 


| | _- aE ee? Pg eS 
4. as | : - Le, ott, ora 


(2, If the initial, ‘{HAnion]: < 2K, “then the: acid will.be mote than 50% disso-- | 
% ciated. at equilibrium. ; . = ar 7 oe et |. tg ae ag : 


. 3. If the initial - [Hanion’ $ 2K, then the acid will be less than’ 50%, dissociated 
ie equilibrium, co a "ee 3 eae —|CU Le a 3? 


te ee | ee fee, i. * oa a Te ‘ 
yy _ KEY+-PROBLEM SET ad. 7 oo = 484 2 Lk sea c., Gea 


“| Ae a. ‘Each nitrite. jion- in. solution. used to. “be pairea with = at } therefore, . o @ ; a 
awe NO, Peo et te ae ME : a, ar. 
=. [ 2 ei i, < : . . . : Ps . ’ bs st Se . et » ve hee 


¢ — ; ‘ en . OO an 
¢ , 


7 bes “Bach: No, _ in “solution comes fron former ‘HNO, eo . 
4 fy Mia de F e: ne nt ; ot : p “3 é as 
"No," + timo} “Initial THNO,} 7 


. 


Po." or,, equivalently,, + ©, ~ a ; | ee 7 | 
as PP an es (80) 10 smog Tf 


Concentrations, - 


. 
. 1 reg 


te, f. a=1, b= 4.6 1074, c= ye nd ee 
a . ™\ a eas Le a a eB. 10" a Cc = -4.6 x 10 { 4 ‘ q a* 
og. og # 4.9 an i rr . ae Au . a 
= ao a a ne Oe Be ae ge 


= 22+, (456. L074)2 = (4.6 * 107 


ate 


ee Tete es O40 g. 2 Je ee a a a a ae 
a ‘hy Negative ‘concentrations are positively meaningless. . 7 , . 
a, tH) = 4,9 x 20 way — ee ay Ae MES 


rae Re . 4 ree Mabey OF a ae 2 a % - 9 : ; - 28 
fet? oak ‘{NO, i: “4.9 x to74 rad Ce 7 4. (a*] = 5.8 x 10 ? M 
* [HNO]. ene : 


nae 


- [HAs] 5.8 x 107° M 


oe 8 .* — an ee a ee [Hy Aso] 24.2 % 3 Mo 

: gage - —_ % ae , ; ~3, se 
ae ek ae ee a ne 5. n* 4. 3 x 16 MM a 
_ “. | Concentrations” Initial - a io vs i Vos 

a ig as — ——] | -[Pyr™] = 4.3 x. 10 M -4 

eee eee ee Equilib-- =e 2 2 ers 
oo fee eam: ad Gs or waarde 


<  geee | e ee ae gy! SS ee SO oe 
rs a ee 2 (2 sae’) a fsa] 5.4 x, 107 “5 y — 


a8 ee ge 4x20" 4% . 2%, a ore Le 8 [H, Suc] es - 6 x 105 M 

cd. -[H*]-= 4.0 * 10° Mo 3 See RS tat) = 0.3% 10 -5 ra 
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a Concentrations — af o ieee hex 4 [H*] = 1.5" x 1072 Mw » a 
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‘LESSON 18: Saar CONSTANTS AND THE BIOCHEMICAL BREW 
Py é 
. The student will calculate. the equilibrium (a 1, [anion } and [wanionf when given 
‘the initial | *[Ht] and Taanion] . . ge 9 


PERIODS RECOMMENDED: @ | a ae are 
‘ o. ‘ 
“Two: or three me es a 
“ cy : e = 
OVERVIEW AND REMARKS ; 
ae : to a 
i If, your students «had ‘trouble with Lesson 7, you may, wish. to omit this lesson and 


'- move on to- Lesson 19, the review lesson. “The situation dealt with in this lesson ip a 
little ‘more realistic regarding\ equilibria, _but: also a little more complicated. .* ae 


In this lesson. and eartkier: ones we. have. ‘dealt. with een acids. of the tyEe tee 
_H)Anion. and HjAnion. We have" always, assumed that only one a” dissociated aroR ‘a ‘given 
molecule. . This. is not (ptrietly true, ‘but the contribution to on ae (a? ] made by | 
. the: second and third Ht dissociating ‘is ‘generally very ‘insignific nt in the kinds of. .") 
sityations that, we have been analyzing. However , cin solutions. of the salts of thése: _ 
PORAGDS (: this effect becomes Amportant . " 
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[pyr7] = 2x "1073 [HTar™] = 2 % 1077 
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Mo - [HyPaz] = 5.8 x 10% 
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v.. a 


-6,° fH jos 4 x ‘Lo - ee ce eee ree ae "4.9 x 10 
: “tgMal pe2x104M 2 ol tat 1 = 5.15 107 oc ee. 
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as 
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“) 


; b.. “The same: amount’ of H,Tar is. saul in.one tenth the water. ‘Phis causes. a 
tenfold increase in the iniedal ba mands ee 3 areae. 
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* txt 1 {HTar” 7 » (10 ha. 95 x 10 ou), en) ee 2 ee an: 
= 1. = 107? aoe BF Sie ae, 

“since 1, 95 x 107% > 4x 1074 a precipitate will form, ex ae 
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“LESSON 19: REVIEW" GR ee fo 
"OBJECTIVE: a ee a ee ee ee oo ee 

, The student will. solve problems. relating to the. objectives of Lessons 10. : Se 
_ through 18. a on. ey i ; of ae 8 ih, . . te 


" PERIODS RECOMMENDED: 


OVERVIEW. “AND REURRES: 7 { . 


tf some. lessons: were omitted and’ you ‘want to use this. review, be. sure’ hot. tc! 
assign problems based on. 0 ttha. lessons. * The forfowing. tablet shows the correspondence 
between problem. number s and lesson on 


\. 


| PROBLEM. | LESSON ar arr oe 
fe NUMBERS “NUMBERS ig 3 | 
Soe te oP Suet GMS "oe aes SS" oY yee ee 4, a ta 8 
ee a 8 Soo og ages, STi a a 

pata: : ce a ae ae |: een Cac ae oa ae 
Oe NAG AT eg 

23° ee, oe 
as a Me eee, 3a a, © ab: « @. Pes, Go 
ei see ees Ae Peaete | ; 
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KEY--PROBLEM . SET 19: 


Angwers to ‘Problems lL through «3 that. are. in uae ‘forms. are also correct. 


Le 1049 % 10° 2 oe, ah e “18. [Ba “(804 ao 


8, 4.6 « 10? a a are 77. -s sot oe 
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6. 60,000,000,000 - 19. Ix" | ax” u = .(.1 x 107 yr x 107 te 
7. x ‘10 ae 
a ee ee mane 7 ete caxw™. 3.2 
ALL 1/84 -14,000,000,000,000, 000 . at a wet 
rr precipitate does not form ~ =. — ae 
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a % 20. Tag® ] = [OH] = 1.2. x 10 
o\ 10, 0000000317--.- a re “3 y 
a iw a a re ee | *) = [e057 2 #5 % 10" 
"  \ lle. pa. = 2. 9" a ee re 
, \ a =. * 2a.) tutte 1 x a | 
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14.4% :1005°-M & ee A a eee ig © Pg ee 
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or a “7 . ai 7 25. ‘tat ia 10 M oa 


: precipitate forms 7 os - . & 2 “[wjsal] - 3! x 107 -3. ae 
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33 -. [pyr] =.1.6 x 1079 


on tgeyr) = 8 x 10 at he Oe - 
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_” ERSSON 20: COMPLEX NUMBERS | — 
OBJECTIVES: ~~ _ ee | | 
a ect The ‘student. will oS s ee 4 oo a 3 . sey | Se 
-. “ sgraph complex numbers,.. 7) 5 ss, gee = 2 
. | " solve “quadratic equations. having. complex roets. - ee a 
_.. PBRIODS RECOMMENDED; © 2 #7, "ss 
*. QVERVIEW AND REMARKS:© | | = 
| ‘udssons 20 through 22 tYeat the subject of complex numbers. 'fhis subject arises’ . a 
naturally ig*the: process of solving quagratic equations. The basic arithmetic of _ 
complex numbers: is the principal: topic. i a ne es we 8 = ; wee 
“KEY=--PROBLEM SET 20:0 = 8 Te 


13 J 


ee. ae | 


ia . = Soe Sx F < -_ . i Wat 


| HSSON 21: OPERATIONS WITH COMPLEX NUMBERS © 
“opgecyives: ae Ee Tg a ee 
. The student will. os og = ie ee 


i vada complex numbers.)  , . , a 
-. sgubtnact complex numbers. ee ee ea a ee 


" emultiply” complex mumbers. © | et 
_ - «compute powere of te 2 ne : = _ —— no 
- PERIODS RECOMMENDED: ae, : ee . 7 a a 2 we 
one i a sea 2. . at - a , m ai - 
‘KEY--PROBLEM SEP 2lr 3 - a My 
a gee Oa ne eet - Geo ee eeot “2 je%, 7 
- 20°54 abs, ia > 11 24 14,0 914 4 224-7 | 
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LESSON, A ‘DIVISION OF COMPLEX. NUMBERS ~ x 7 = : : 7 = ” 5 %s = 
of ue ae a ar re 7 a se . 
OBJECTIVES!” . ae ty 2 ase i HE te dake Be 


The student Wille 


¥ pind. the conjugate of, a conplieg snhbae: 


| oe ~find-the- quotient of, two jcouplex: nusber +e ee 
PERIODS RECOMMENDED : Pre oo eg Me Ba? 
One . aa j “4 
/ OVERVIEW AND. REMARKS: 


If you -want to disouss. the long division example on the ‘first page of Section. 22, 
‘you: will probably first need to review .the aes for: the gs ae 
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